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5 Background of the invention

The invention generaily relates to the purification of naphthalenic compaounds,
and more particularly relates to the purification of naphthalenedicarboxylic acids.

Background of the invention
10 Polymers based on dimethyinaphtha{enedicarboxy!ates and their
corresponding acids are known to be useful in a wide variety of commercial
applications. For example, films made from polymers incorporating dimethyl-2,6-
naphthalenedicarboxylate (2,6-NDC) exhibit strength and thermal properties which
are superior to films and fibers made from other polymers such as
15  polyethyleneterephthalate (PET). These enhanced properties have led fo the use of
2,6-NDC-based polymers in camera films and magnetic recording tapes as well as
electrical and electronic components. | |
2,6-NDC-based polymers also exhibit high resistance to the diffusion of gases
such as carbon dioxide, water vapor and oxygen. This resistance to gas diffusion

20 makes these polymérs useful in films and containers for a wide variety of food and
beverage packaging applications.

_ The superior physical strength of 2,6-NDC-based polymers also renders these
polyme.rs useful in physically demanding applications such as cords for automobile
and motorcycle fires.

25 The use of 2,6-naphthalenedicarboxylic acid in such applications provides
several advantages over 2,6-NDC. First, the weight differences between the acid
and the ester typically results in higher yields of polymer per pound of feedstock.
Additionally, pdlymerization of the acid with ethylene glycol produces water, rather
than the more difficult to handle methanol produced when the ester is polymerized

30 - with ethylene glycol. Furthermore, in polymer plants already designed to handle only
acid-type monomers, use of the acid permits the addition of naphthalenedicarboxyl
moieties to polymers which could not be accomplished if only the ester form was
available.
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2, 6- napht hal enedi car oxfy
additional purification before they are useful in polymer applications.

What is needed is a relatively inexpensive way to purify naphthalenic diacid
monomer more efficiently and at low cost, and which results in a lower level of

20 impurities than is presently produced in the typical high témperature purification
processes presently used.

Summary of the Invention

An aspect of the present invention provides a process for purifying a

2 naphthalenic carboxylic acid comprising contacting an impure naphthalenic acid and a
purification sblvent in the presence of hydrogen with a catalyst comprising a Group VIN
noble metal at a purification temperature  from about 520 io 575 °F.

An embodiment may be naphthalenic diacid monomers efficiently produced by
operating at lower temperatures and solids loadings level that may have been typically

30

used in commercial practice. In another embodiment, when the proper catalyst and
operating conditions are selected, monomer having lower levels of undesired impurities

may be obtained, thereby decreasing the need for further purification of the acid
monomer.
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acid (2,6-NDA), which nmust subsequently be esterified to produce 2, 6- NDC,
with one 5 or nore purification, steps such as distillati o Rigust 2004
recrystallization being performed in one or both of those steps as
necessary to produce a product having a high yield and purity. In
contrast, direct purification of the oxidation product of 2,6-DW is
L e:c at It vel %/ | si rrFIh:a, aan;iltfh_@.aretn’_aﬂwrn@;nqr mge@NStebtt;tidns allakowﬁr pé‘rﬁaﬁﬁb emogmre{ 4 at
nf ortunate urification.o , 6~ ic .has .been conducted a
10 t enper at u%@?ergfur%? iMHS eYgadlizsd %@@'%B@PB%ES*gh?%ﬁ‘ﬂﬁ‘@atfort 5% EFFRYCUS he
processi ng odpegating ebadiions) suchiaghhgsernsedto pdrify aradhtidilic adtyvady selehiyed
Oper ating at : LN KBS t Lale ital investnent in
pl ant s capagfén@?%ﬁﬁﬁﬁgﬁgﬂ{ﬁ%%ﬁPﬁé%gﬁgQEUP@HR‘é%§$%ﬁ%5@?$%ﬁ?operating at
these tenperatures. Furthernore, operating at these tenperatures requires
a large investnent in energy to heat the reaction mxtures to 15 the
requi red 600+ degree Fahrenheit tenperature. Finally, even when operating
at these preferred conditions, inpurities present in the purified nononer
may require additional purification before they are useful in polyner
applications. Wiat is needed is a relatively inexpensive way to purify
napht hal enic diacid nononer nore efficiently and at | ow cost, and which
results in a lower level of 20 inpurities than is presently produced in
the typical high tenperature purification processes presently used.
Summary of the Invention 25 30 An aspect of the present invention provides
a process for purifying a naphthalenic carboxylic acid conprising
contacting an inpure naphthalenic acid and a purification solvent in the
presence of hydrogen with a catal yst conprising a G oup VIII noble netal
at a purification tenperature fromabout 520 to 575 I F. An enbodi nent may
be napht hal eni c diacid nononers efficiently produced by operating at |ower
tenperatures and solids |oadings |evel that may have been typically used
in commercial practice. In another enbodi nent, when the proper catal yst and
operating conditions are selected, nononmer having |lower |evels of undesired
inpurities may be obtained, thereby decreasing the need for further
purification of the acid nononmer. -2 3 August 2004
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In a further enbodi nent, these reactions nmay be performed at | ower
tenperatures. Thus, underutilized chemi cal plant assets degimredtfovs | ess
strenuous operating conditions, such as those used to purify terephthalic
acid, may be erlglo ed to purlfy di acid nmonomers such as 2,6-NDA. Utilizing
such existing a5 Y8563 August 2004 WO 01/56967 PCT/ USO/OSEF@B‘MS&WB@IM m nat e
capital costs associated with building a plant capable of operating at t he

600+ degree Faan elimisiate pm@éc@mmaesctqqmcbaltlh joutitﬁmgjaq:ﬂum&;hgamé loy oB@,rat,
purification, ghepshy SiaR! tiv pensi ve. d o |on of
the nononer. Brief D%ésdé% hﬁ{h{)n P ﬂeﬁg’ B? o {rY %a%’l e{ Gommereialy, fofi Mhm of
a process for PyifiGation. néhezew rfupirarh ghabliadi mtlyebyylineozpelmdued prdcﬁ:cﬁlﬁi 8<bf| itk
Descri ption ofngnbgePr ef erred Enbodi ments' The foll owi ng detail ed description

conpares purification of 2,6- naphthal enedi carboxylic acid prepared under
typi cal hi §h tenperature cond|t| ons to |ow tenperature purification of the

sane acid undgﬁep@%@hmm@b%,@n be acconplished in other chem cal
processi ng plants,_suc ose used for the 15 purification of
terephthalic acid.Flfnd 'ﬂ?@éﬂﬁﬂ%ﬁmﬁé aiproagss faiputlyingrdl, G-nabithelenedirapaskiyhent s
of the inventpgn Wil be apparent to those skilled in the. art after
review ng the followi ng descriptions. For -exanple, | believe ny invention
is well- suited to the purification of other simlar diacids such as
1, 5- napht hal eo@téii|§@Dbgasjﬂubﬁofm6iF¢efeﬁ§d BRibbdifen®d her naphthal eni ¢ aci ds
havi ng acid functignalitjes of . or nmore. 20 The description, therefore,
is not intended in f%igy’"lgo Ag ?d Neswiplipre grompares i pudisetion. oten2bal |y,
| have found hmhdwnéaﬁmﬁﬁ@wa@a @Sewarliwérqwleal ?«?dhdtemggfyméscon‘aﬂ%@{d“ n9
ou

| ower reS|dua4 ampunt s. of ungdesi red napht hal enic co can reac

under pol yner P¥atSBREARER RUTBFRtiop o0 bF"%?néﬁmBra?'@rqﬂdﬁht@"@mwl@haaMSbe Th| s

25 advant age mmsm ai mrbdheﬁmﬁl qirmd%snag ;ﬁ:émer sUCHBS ALY €Red@ndr @ 1 ds
concentra $ons t av.e rci.al purify such acids.

Addi ti onal'Ty, P4 'ﬁ@ Ogettergéh%%’ltc cﬂ?'dof 'Pﬁ)bﬂ'"éc ‘Pﬁl ‘scd'ﬁ“&ﬁ‘%‘{e fy.  Other
subst anti al | yerahdmhmeetst b tlgu diviehorowill be gppardnt a8 Besd skilef &s afe 4 LRsr

e urhe Cebleig e follGuiYdebbibhe” FBr AR Balie Ty iavention i well"
suited to the purification of other similar diacids such as 1,5-naphthalenedicarboxylic
acid, as well as other néphthalenic acids having acid functionalities of one or more.

20 The description, therefore, is not intended in any way to limit the scope of our

invention.

Generally, | have found that my process yields naphthalenic acid monomers
containing lower residual amounts of undesired naphthalenic compounds that can
react under polymerization conditions to branch or terminate polymer chains. This

25 advantage can be obtaini_ad by operating at lower temperatures and solids

' concentrations than have been used commercially to purify such acids. Additionally,
the proper selection of noble metal catalyst can substantially enhance the quality of
the 'puriﬁed acid produced by the process. )

Specifically, the purification process should be carried out at temperatures

30 between about 520 and 575 °F, preferably 525 and 560 °F, and most preferably at
550 °F. Total dissoived solids should be the maximum welght percent of 2,6-NDA
soluble at the reaction temperature, which will range from 3.9% at 520 °F to 12% at
575°F, 4.4% at 525°F and 10% at 560 °F, and which is about 7% at 550 °F.
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30 between about 520 and 575 OF, preferably 525 and 560 OF, and nost
preferably at 550 OF. Total dissolved solids should be theg Aampysneopgnei ght
percent of 2,6-NDA soluble at the reaction tenperature, which will range
from3.9%at 520 OF to 12% at 575 OF, 4.4%at 525 F and 10% at 560 OF, ‘and
whi ch i s about WoRtEe96550 OF. -3 3 August 2004 WO 01/ 56967 BcFALihs08§3506 |t
shoul d be noted that in the tenperature and solids | oading ranges of the
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presence of a source en, a so
vessel is designed to operate on a cont{nuous basis, rather than a number such as

20 the maximum operating temperature, which typically may be required by the relevant
engineering standard to be 1.5 to 2 times thé nominal operating temperature.

FiG.1 is a flow diagram of a semi-works scale naphthalenic acid purification
plant 10 used in Comparative Example 1 and Example 1 to produce large quantities
of 2,6-naphthalenedicarboxylic acid. _

25 Plant 10 purifies a crude 2,6-NDA feedstock produced by the liguid phase
oxidation of 2,6-DMN in the presence of a source of molecular oxygen, a solvent

~ comprising a monacarboxylic acid and water. The reaction used to produce the acid
feedstock fypically is conducted in the presence a catalyst comprising cobalt,
manganese and bromine components, at reaction temperatures of from about 100 to

30 260°C. The reaction preferably is performed ih a honocarbowlic acid solvent such
as acetic acid, or a mixture of acetic acid and water, with a ratio of solvent to DMN of
about 2:1 to 12:1, a manganese to cobalt ratio of about 5:1 to 0.3:1, a bromine to
manganese plus cobait ratio of about 0.3:1 to 0.8:1, and a total amount of cobalt pius

4



conprising a nonocarboxylic acid and water. The reaction used to produce
the acid feedstock typically is conducted in the presence agatedooat
conprising cobalt, manganese and brom ne conmponents, at reaction

t enper at ures of from about 100 to 30 26011C. .The reaction preferably is-
performed i n awmneeswr boxylic acid solvent such as acetic peGhdorodds a

m xture of acetic acid and water, with a ratio of solvent to DW of about
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of cobalt pl udnfoamajion gpnsermingothe\pidation 96 OMNTTo MS 03508 faembmneseUs. up

to ene wei ght FasmaNs. &, 292*1@3458 Sﬁk&%‘\als@z' ¥e3hd 5sH f1'9nl§aiho|zhélfe?r%‘i@ Re

concer ni ng the_oxi dati on  of DA' s can be fou
Patent Nos. 5 d5§Psyres Qf&’hﬁhﬁ%ﬁﬁa‘?@fﬁtﬁq by fafefence54, 719 to Hol zhauer, et

al ., the @ sclosupgsatofo phiifds & ciuaeos BN@A%e&&odkef CHRN o Plrr%%erm

purifies the crude NDA eedstocklnth follown

f eedst ock f rorﬁ'W@ggé?Edfﬁo"lks "R aesselt 12 ’E"‘H&ea&%dstor the @ﬁ%e@tqnn@tmmtmpmawe
through a ser itidugH aséesmmoaryfbamtanalﬂot RNl PRERaRrS 1%58@ éseegﬁt%e 5&:[ §
is

fi xed bed g' g%enatl on reactor In reactor 16, cru

treated in th pﬁg%tf?é‘ere@f:toﬁym od%r{eé“rﬁﬂ" a6hiner %éﬁé@?dﬁﬁpcﬂ,(alsaif%ed in the
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filter 18 to reng § th es and

Next, the ¥i| ey ¥ Pﬁa%%?tt [UIA, J Koyng .@@d’n WF-'&r19st95rﬁm92%rc§taiyzbﬁa¢ﬁjam
Over heads fr omitrtai')sa'taalplartiberaﬁe AattendNel?, the Gitered kfltbads andtaliRed Rl Qamast e
t r eat ment faC| (;?y while the solution in crystallizers 20 and 22 is

transferred tg 15 drumfilter feed tank 26 and filtered in rotary
drumfilter 28. FiOverheadk&ofmr cnystalliters \20dandn2Ri drk edolidfled @8 trolitell | toOwhdie

purified 2,-N t rier 30, .cooled i cool er 32 and
transferred t (I'})?A g{rlirng?éec%gie% q”@%t é¥°‘§*éd&é35ﬁﬁ&“&ﬁﬁ @Pﬁ%&@n‘??‘a@ffﬁﬁﬁgéﬂ FolRey
Exanpl e 1 180 Idytdncﬁgemimddmk 2d@nd fitéi@d\im sotatyadrgeditter 28. Fiikd Bake froshsrotdry peat
carbon avail ' C S. r I t. n_extr.uded
0. 8nm di anet erﬁmrﬁ 1itlél\c/)g% ggﬁ%tg?t@ge{hta ﬁﬁﬁ‘f%dag Qﬁ 'S ’Mgogd‘?%da%%ﬁéd H3s an
appar ent bul k cdelas32 gnd tsanstérresi tostordge gbr34cfobpmkfagtng and\skipmeny of crude
2, 6- NDA feedstock having the specifications set forth in

| o Comparative Example 1

20 Hydrogenation reactor 16 was charged with 1,408 pounds of peat carbon

available from Norit Americas, inc. as Norit ROX 0.8, an extruded 0.8mm diameter

activated carbon that has been acid washed and which has an apparent buik density
of 25.5 pounds per cubic foat.
A slurry of crude 2,6-NDA feedstock having the specifications set forth in
25 Table 1A, below, was prepared in feed vessel 12 at a temperature of approximately
120°F.

Table 1A Crude 2 6-NDA Feedstock Specifications
Purification Solvent water

Average Weight Percent Total Dissolved {12 %
Solids
Weight percent 2,6-NDA as percent of 96 %
.| Total Dissolved Solids




25 Table 1A, below, was prepared in feed vessel 12 at a tenperature of
approxi mately 120F. Table 1A Crude 2, 6- NDA Feedst ock SpecifAugmbi fote
Purification Sol ventwater Average Wi ght Percent Total D ssolvedl2 0/6

Sol i ds Wei ght percent 2,6-NDA as percent of 96 % Total Di ssolved Solids -5 3
August 2004 WOYO@PVHBT67 Purification Sol ventwater 6-foni yte@rosapbidzes ¢ aci d
("FNA") (asl, 120 ppnw total solids)

1- br ono- 2, 6- hpyrificRtdresadar boxyT T C1, 4//WW") (as ppnw t ot al

sol i ds) PCT/ m/nqnnn The feedstock was heated in prieheaters 14 to a

t enperature p ‘BUUl:zﬁﬁEFM’Pé‘ﬁE’t(é:d“ﬁ\"h(éWydrogbéﬁaﬂl on reactor 16. Feed rates

wer e appr oxi nﬁjrﬂ\hYQtél%ofhés gallons per mniite, with aftotal solids
i averaging ahout |12 weight |5 percent. Filtered

concentrati on—ﬁn—t—he

reactor ef f | ubROTRS GC’HPEEhé‘fEI”PQ'éﬁbPW"ersi 4477 zers 2d and 22 by
evaporative cguadl("ngm"}uhep@\t,ltd{g%“ds]'he trystal i zer| effluent was washed
twice with eratiire between Jabout 300 and 400F,

the crystallized acid slurried in water and filtered on a rotary vacuum

filter 28 at anbi eMhe PéRREEdek Sy samjgté@ % ut 250F
for 60 2 Th :ndérh e pur| wﬁﬂk%ge@g

m nutes in ro"lQ/’é drier
speci fi cat i orf€3CGA i hydragepatign 6W°r716ap5?%&fai@t‘é¢f9 FProdoatelyolmds gatarises,

as set forth per rﬂi&bﬂe?wltﬁ,a fordl @ulidsTédHcentlatid | Rur
2, 6- NDA W ;ght %&rcent 2, 6- NDA (Iass \Aelg t98 Iréggégféggnaﬁfgt to?g({ms%l"lv%é?t

6-f or nyl - c acid ("FNA") (as23 ppnmw total solids)
Filtered reactor effluent was crystalized in crystallizers 20 and 22 by

evaporative cooling of the effluent. The crystallizer effluent was washed twice with
water, filtered at a temperature between about 300 and 400°F, the crystallized acid
slurried in water and filtered on a rotary vacuum filter 28 at ambient pressure, and

10 dried at a temperature of about 250°F for 60 minutes in rotary drier 30. The dried,
purified NDA had the specifications, when averaged over 7 approximately 20,000
pound batches, as set forth in Table 1B, below.

Table 1B - Specifications of Purified 2,6-NDA
Weight percent 2,6-NDA (as weight|99.8
percent of total solids)
6-formyi-2-napthoic acid ("FNA") (as |23
| ppmw total solids)

1-bromo-2,6-naphthalenedicarboxylic not detected
acid ("BrNDA") (as ppmw total solids) (<20 ppmw)
2-napthoic acid ("2-NA") (as ppmw total | 106

solids)
6-methyl-2-napthoic acid ("6-Me-2-NA") | 130
(as ppmw total solids)
2, 6-dicarboxytetralin__ (‘Z.6-DCT")  (as | 458
ppmw total solids) '
Trimellitic acid (“TMLA" (as ppmw total | not detected
solids) | (<10 ppmw)
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1- brono- 2, 6- napht hal enedi carboxyl i cnot detected acid (' BrNDA") (as ppnw

total solids) (<20 ppmv) 2-napthoic acid ("2-NA") (as ppnmw Bmﬁhépﬁ)(ﬁm I ds)
6- met hyl - 2-napt hoi ¢ acid ("6-Me-2-NA")130 (as ppnmw total soli

2, 6-di carboxytetralin ("2,6-DCT") (as488 ppnw total solids) Tri rrel litic-
acid (' TMA") (as my total not detected solids)(<10 ppmy) -6 3 August 2004
WO 01156967 PC'I‘\VBQ%)‘SP63506 As can be seen fromthe data in TERVs9LA3sE;
several naphthalenic inmpurities were detected in the purified acid.

Exanpl e 1, bel ow, denonstrates the advant age of operati ng at lower 5

t enper at ures using enat i Qn reactor
16 was charged wi tﬁgl%b%eepoun o@gad%%frh %ﬁ%a‘iﬁ“’ﬁf@ M?@ﬁt‘mﬁwt@ént
pal | adi um (as wereame@mdanmpumegacw on a 4x8 nesh granul ar 10 carbon
support avai l able ngel 0 rative le 1,
a slurry of crude E %quAgf e&}';s‘?oggﬁ‘ﬁg%}%#s q‘ﬁe A%‘B’é'e f8gf €°Bﬁ?t'§%ta W& in
Tabl e 1A, 50eItmeme%ﬂ%wﬂmblﬁmqtthseI 12 at a tenperature of
approxi mately 120F. The feedstock was heated in preheater 14 to a

tenperature of between 525 and 565 OF and reacted i n hydrogenation reactor
16. Feed rates were approxi mately 15 1Exampldé gal | ons per m'nute with a

Lotal solids conceniysmdenausi ol 5kl chadel ko 1 B SodtBglly RELGSI

Filtered reactor effluent was crystallize cryst
evapor ati ve cd@ving® Heighbraregnt patiadiuntias tota) catalyst vze;ght)atbri hue&mesagmasdred

twice wthya déﬁioﬂrstpranﬁbI@frér%@ﬂema?ﬁ QOWﬁt eﬁ%ﬂ%orﬁé&a@@Eﬁrﬁg and

t he crystalllzed aC| slurried in water

filter 28 at %P&@&ﬁr@r Dinigedsipehcepving the spegiications set mnrandmblesz
for 60 m nut e%eldihr b\&fs%fré’péﬂéd ﬂrfegﬂ)ves-géﬁ Zdét'aet@mpe%rb \‘S%) %maw 1258

speci fications, n ver a over 4 approxi mat el
e feedsto k was heated in preheater 14 to a temperature of between 525

and 565 °F and reacted in hydrogenation reactor 16. Feed rates were approximately
15 13 to 16 gallons per minute, with a total solids concentration in the feed of from 4 to
6.5 weight percent.

Filtered reactor effiuent was crystallized in crystallizers 20 and 22 by
evaporative cooling of the effluent. The crystallizer effluent was washed twice with a
water filter at a temperature between about 310 and 345°F, and the crystallized acid

20  slurried in water and filtered on a rotary vacuum filter 28 at ambient pressure, and
dried at a temperature of about 250°F for 60 minutes in rotary drier 30. The dried,
purified NDA had the specifications, when averaged over 4 approximately 20,000
pound batches, as set forth in Table 2, below.

25 Table 2 - Specifications of Purified 2,6-NDA
Weight percent 2,6-NDA (as weight | 99.9
percent of total solids)

. { 6-formyl-2-napthoic acid ("FNA") {(as | not detected
ppmw total solids) (<8 ppmw)

1-bromo-2,6-naphthalenedicarboxylic not detected
acid ("BrNDA"} (as ppmw total solids) (<20 ppmw)
2-napthoic acid ("2-NA") (as ppmw total | 124

solids)




pound batches, as set forth in Table 2, below 25 Table 2 - Specifications
of Purified 2,6-NDA Wi ght percent 2,6-NDA (as wei ght99.9 pevgmst2ov total
solids) 6- forrryl -2-napthoic acid (" FNA") (asnot detected ppnw total

sol i ds) (<8 ppmw) 1-brono-2, 6-napht hal enedi car boxylicnot detected acid

(" Br NDA") (as Y RS6WE al sol i ds) (<20 ppmn) 2-napt hoi ¢ aci d Kc¢Tasshibdsbos( as
ppmw total 124 solids) -7 3 August 2004 WD 01/56967 6-net hyl - 2- napt hoi ¢ aci d
("6- Me- 2- NA" B methpPrvapthbial a&@l ('@ Me-2-NE 7| PG DOXytetTaiin ("2, 6-DCT') (asd
E ppnmw total {soli ds@ﬁT | rr@al itic acid (' TMLA') (as ppmw total det ected not
solids) (<10 3 %é?ﬁ 3506 As can be| seen by corrpari ng the data from
Table 1B to trzeﬁ-dehmomef{afnl e (2,6-DCTFFas d‘trld@tectw_ﬂ ot 2, 6-DCT were
detected in tihe pu fled cid. All of thesg inpuritiesjare considered to
be harnful inPP H&v{? PHSt zati on of 2, 6- ND<IBRBA 5 when present in -

suf ficient _arrmmmeﬂmca;w (‘Wmmhbs@écﬁarﬁw EAEFRotdBEdegtTes] i n the |ow

t enperature, (Pd catal yzed purification process of thej|present invention
results in a|S@ rcially preferred proces&1@gpmmhi s r eason. Catal ytic
nmetal s useful Tn the inventive process rncrude Goup Wil noble netals,
preferably palladi ym 'ﬁbatl num and ruthenium As wll be denonstrated in

1o Exanple 2, bel oitf SRhE8 56T PY CAMPEANG thsdada framolabire 4B dai ther datia i Mgblbet t er

results when nbrmsmaeerumedmm @ 2vsaecwabéredretéaedTh%@B@Hrf%df?éioa' AlTBY 1HSe
supported on any Lnert %o&) \f\hb r?_' re | ns sta
impurities are ¢ ered e harmtui in the polymenzatron of 2,6-NDA monomer

5 when present in sufficient amounts, and the absence of these impurities in the low

temperature Pd/C catalyzed purification process of the present invention results ina
commercially preferred process for this reason.
Catalytic metals useful in the inventive process include Group Vil noble
metals, preferably palladium, platinum and ruthenium. As will be demonstrated in
10 Example 2, below, the purification process provided s'urpn'singly better resuite when
the selected metal was palladium. |
The nobie metal may be supported on any inert support which remains stable
" under the stated process conditions, such as carbon or the rutile phase of titanium
dioxide. The preferred supports are activated carbons such as nutshell carbons,
15  although granular carbons will work. The noble metal should be present in an
amount of from about 0.1 to 3.0 percent of total catalyst weight, more preferably
0.35 to 0.8 percent of total catalyst weight, and most preferably about 0.5 percent of
total catalyst weight. The preferred catalyst is about 0.5 weight percent palladium on
a nutshell carbon support.
20 The surprising superiority of a palladium catalyst on a carbon support in my
process is demonstrated by Example 2, below.

Example 2
Bench scale comparisons of 2,6-NDA purification using paliadium on carbon,

25  ruthenium on carbon, and platinum on carbon catalysts were performed under
conditions simulating purification of 2,6-NDA in a terephthalic acid purification
process plant where the purification reactor was designed for operation at a nominal
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under the stated process conditions, such as carbon or the rutile phase of
titanium dioxide. The preferred supports are activated casbopsssapg as
nut shel |l carbons, 15 al though granul ar carbons will work. The nobl e netal
shoul d be present in an amount of fromabout 0.1 to 3.0 percent of total
catal yst wei ght"CB#& preferably 0.35 to 0.8 percent of toPEIULHIHIey st

wei ght, and nost preferably about 0.5 percent of total catal yst weight.
The preferred apzratings temperathoutof hdd gmtejhmapeammmtsaoéﬁ I atdhéjmoa{bangomq@a%hel I

car bon support r ri.gri.t i um cat al yst on a
car bon supportdesr??%emg sgtécgsds?ﬁ#gg t!fﬂTgﬁ'é %)lﬁtf 'ym %ﬁ@ﬁp?fgc'eﬂcvuelfswc@m@m e
2 Bench scal e arooyérof soles ayfd theGandidivt pti DICHI arﬁt?—bm prad i dpaing el rifiBation
carbon, 25 rg:r,rg Wn&q&g@n and platinum on carbon catal ysts were
perfornmed under nditions Sinulating purification of 2,6-NDA in a

t erepht hal i%c aci d f@nfimyasist hyerogepatinrsswens| masformink ire atfixed p:eﬂlrfelaetatl Wpical
reactor was_deghgR@dedrltioRdHed |

01/ 56967 PCT/ USOI / 03506 Igperae'?% r?gaﬁﬁ%ﬁrﬂ 25 Wty pgr"%“fgg‘?qesf’"‘f%ai"%ﬁ%i&“’r
550F. The conpgs Wam 7Resbicrentipetads aad e fsed ramwambetweerh & aret H grahey péhei r
rel ative effi GhADGYwith atGEHAERGoliste FTRRY nﬂﬁntéie'pegmnrf’afbd the amount of DCT
and 2-NA produced using the purification proce I'nvention. 5

Cont i nuous hydr ogerat&d Eﬁ?é‘t%ép&d gHueah wasirecavesed Fménﬁmdrfeaotganlcswmqumﬂ _
reaction c@ndichidstodRpRY, %@Eh@fﬂal@ea’c’?or"ﬁﬂ@ﬁ% wafiféggﬁ at PoPt aﬁ%h P and B @1
reactor size was 75 cubic centineters and eed rate was ween and
12 grams per fifercake was analhzed Jricolgen 11 ow rate of 3to 10 milliliters per
mnute. Total reactrpé résits df Mk bENparnkBhs BRCRMIhSHeaHTANBYB&G T O
organics by liquid 1o chronotography, and the total reactor effluent was
filtered at 140F and dried and the filter cake was analyzed for color. The

results of these conparisons are sunmarizeggapg 3Tabl e 3, below. Table 3
Cat al yst L*b* 2~-NA-{wt-9%of total ~CT (w0 0of fotal reactor effluent)reactor

ef £ uent) Catalyst L b** "1 2-NA (wt.% of total | DCT (wt.% of total’
reactor effluent) reactor effluent)
0.5 wt. ofo Pd/C 96.4 |8.16 |0.23 4.9
1.0 wt. oo Ru/C 945 |606 |62 35
0.5 wt. o/o Pt/C 944 (783 |58 72
15

As can be seen from the data in Table 3, the palladium on carbon catalyst
yielded a purified acid product containing about one half the total impurities resulting
from the use of the ruthenium catalyst and .one-third of the total impurities produced
resulting from the use of the platinum catalyst. Furthermore, while both palladium

20 and ruthenium were approximately twice as effective as platinum in reducing the
amount of DCT present in the reactor effluent, palladium was the only noble metal to
provide substantial reductions in both 2-NA and DCT. No substantiai color effects
were observed.

25 Additional benefits may be obtained by modifying the Group VI metal catalyst
of my invention by adding about 0.1 to 2.5 weight percent, and preferably about 0.2
to 0.6 weight percent, of a Group IVB metal selected from the group consisting from
silicon, germanium, tin or lead as illustrated in Exampie 4, below.
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0.5 w. o/o Pd/C96.48.160.23'4.9 1.0 wt. o/0 Ru/C94.56.066.23.5 0.5 w. o/o0
Pt/ C94.47.835.87.2 15 As can be seen fromthe data in Tabl @ Rigukt?®o4

pal | adi um on carbon catal yst vyielded a purified acid product containing
about one half the total inpurities resulting fromthe use of the '
r ut heni um cat a¥gewsesnd -one-third of the total inpurities prockineds
resulting fromthe use of the platinumcatalyst. Furthernore, while both
pal | adi um 20 and rut heni um were approxi mately twi ce as effective as
platinumin reducing the anmount of DCT present in the reactor effluent,
pal | adium was the only noble netal to p ubstantial reductions in
bot h 2-NA and DCTThékautﬁaﬁiah%ﬂ tarboR Cafdllys

Addi ti onal benefits ma F obt ai ned by ym{;gi E%rﬁp[e‘%hﬁﬁﬂ%ﬂ{eéeq@ a mﬂga?4
catal yst of WHOMtARREMOAT B) TEAPHED Ao weidht JPethﬁnﬁ & thei g:ltal gatalgsint Thand

preferabl y alexpériest oftE:'xaﬁlpﬁa 3Wag hepdtsC@itier 1 sa?né%&&&?ao'n}!B @Ectgﬂlbe Sefict ed
from. silicon, germanium tin f\

f h
[ Tust rat ad IRrESaRbe Alow, BR0Rera100 §° sied eCRmPUNEOUBE SpoesEnP the ol

| USOl / 03506 Eﬁanmi @‘ﬂden'flw o faicloe oF BMamNtHearRURt 6L NA Slessit i keff re
nodi fi ed by 3 t\yggght percent of tin measured as wel ght percent of
the total cat™ ?‘Pfé’ °exper| ment of Exanple 3 was repeated under the

same conditi ons As can be seen from Table 4, below, incorporating tin
reduced t;be amount of OCT present in the otglal reactor effluent by a
factor of 5, and the ampunt of 2-NA presenf P the total reactor effluent

by about 25% 10 TaCatalstCat al yst J-2A (Wt %%6f ttal | DT Jwl 9 V7. Bl t ot al
reactor effluent)rdactor effluent) 1.&) Wt %fzu/CB. 23.5 1.0 wt. %9 Ru/ C
+4.70.71 0.4 wt. % 9n reactor effluent) ~ | reactor effluent)

1.0 wt.% Ru/C 6.2 35

1.0 wt.% RwWC +147 0.714

0.4wt% Sn

The surprising reduction in DCT accomplished by modifying the ruthenium on
carbon catalyst in a low temperature reactor in accordance with the present invention
shows that Group VB modified noble metal catalysts can provide purified acid

15  monomers having substantially reduced amounts of DCT.

-10-



The surprising reduction in OCT acconplished by nodifying the ruthenium an
carbon catalyst in a |low tenperature reactor in accordanceagistdppapr esent
i nvention shows that Goup |VB nodified noble netal catalysts can provide
purified acid 15 nononers havi ng substantially reduced anounts of OCT. -3
August 2004 V%JJ,%@%B? PCTI USGL/ 03506 1 claim 1. A process for PUI’I fying
a napht hal eni ¢ "‘carboxylic acid conprising contacting an i

napht hal eni ¢ acid and a purification solvent in the presence of 5 hydrogen
with a catal yst conprising a Goup VIIl noble netal at a purification
tenperature fygapabout 520 to 575 F. 2. The process of Claim1l wherein the
naphthal eni c Eﬂ(‘)xyl ic acid is 2,6- naphthal enedi carboxylic acid. 3. The
process of Caim - whePePiPces® TaopHEfYIRg! al naphthalgnic dathoxyltOadd ddmeprisinacess
of Claim1l \Ahafr@admng% Iﬁ@bfeenéﬁﬁtf?dted@aéi@l&ﬁé 'atﬁﬂufeéhoﬁ so%FxPﬂg g&%%éei of"

The process of Ji V\/ner he acid is_2,6- hal ene
acid prepat ed” roqewew,l Pq‘i‘u‘iﬁ' %s@mﬂﬁ'é'agya r@PHP \@Ht %Frl’sl%@ﬁ?taloﬁﬁ damurtﬁnatm‘n

2, 6-di et hyl n@a{pﬁamu@nefmarﬁatﬁ;ut@@tmss of Claim1 wherein the noble
metal is palladi u? on a _car bon fsﬁg@_(l) and wherein the naphthal enic
carboxylic acid i 2, 6] "ARMFERPEH 3%@!@4"!9&3&81*@’9"95 CWYWWS%&@{
Caimé6 \Aherahaphtﬂmeriédﬁ:aﬁm&yudw.@nedl carboxylic acid for purification is
prepared 'by the I|qU| hase V. cat al yzed oxi datipn of 20

2, 6- di met hyl napht Ral enghggmc?%&epﬁﬁ%bgg’h‘é@@& ﬁz'? mgidriepaladiver.puri fi cati on
terrperat ure is abaut IESMprécesalad ClalrbQFwhéeinTihe MRS Afetalas debatiBdlomher ei n
t he total percrgt di ssal ved solids in the purification solvent is less

than twel ve Wel s“f?é’? ent, based on the total weight of 25 solids plus
solvent. 10. The ﬁroces‘l‘sheof p@icessn 7ofwh@lgimn tihe vieirglh p@eCeRkiddi ss0lved

oo | L R Ml 50 T R R b oo
t enper at ur e | axidsdion tof 8 Bedimethymlapbthae6e.F.
15 6. ‘The process of Claim 1 wherein the nobié metal is palladium on a
carbon support, and wherein the naphthalenic carboxylic acid is 2,6-
naphthalenedicarboxylic acid. '
7. The process of Claim 6 wherein the 2,6-naphthalenedicarboxylic acid
for purification is prepared by the liquid phase, heavy metal catalyzed oxidation of
20 2,6-dimethylnaphthalene.

8. The process of Claim 1 wherein the purification temperature is about
~ 525°F to about 560°F.
9. The process of Claim 1 wherein the total percent dissolved solids in the

purification solvent is less than tweive weight percent, based on the total weight of
26  solids plus solvent. ‘

10. The process of Claim 7 wherein the total-percent dissolved solids in the
purification solvent is less than ten weight percent, based on the total weight of solids
plus sclvent, and wherein the purification temperature is about 525°F to about 560°F.

11.  The process of Claim 1 which is performed in a purification reactor

30 designed to operate at a nominal operating temperature no greater than about 550°F.

12. The process of Claim 6 which is performed in a purification reactor
designed to operate at a nominal operating temperature no greater than about 550°F.

13. The process of Claim 10 which is performed in a purification reactor
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11. The process of Caiml which is perforned in a purification reactor 30
designed to operate at a nomi nal operating tenperature no gr/gusr2doaan
about . 550F. 12. The process of Cdaim6 which is performed in a
purification reactor designed to operate at a nom nal operating tenperature
no greater than about 550F. 13. The process of Claim 10 which is perforned
in a purificat "SH¥&4ttor -11 3 August 2004 WD 01/ 56967 PCRFUENATBG06
designed to operate at- a nonmi nal operating tenperature no greater than
about 550F. desigriEddoppetatsat a)mor@haiopeﬂatmmmelamimqogréétfai #dnadbaet 359°F.
recovered by soli i ¢ f bet ween about 300
a0 or ) 1 e prot”(ea otERe giaﬁqﬂé%\/\?}%‘rﬂiﬁﬁgﬁ@lg s aacayBred psoid
recovered by liayd sepagationdqiiaderspgratuae pbbﬁMﬁEmﬂwtrﬁ%alM"ﬁf bet ween about
300 and 340 COF. 15Th 4t urlfled cid.js
recovered by solid ?hé’g?cgt%%i?g{?,lla%% M&Q.vagé ur%%o'fg’ BEN \?Eeéjn ‘gﬁt 300
and 340 OR 1lmuldw@qmtweﬁ§t@np@amrw&bmeereabout &@ MMOJ’Et further
includes a Goup 4gVB R Rtocasd S\Cél%ﬁln :
silicon, germanium tin 0?0 | ead. géwﬁhg}?thgc&gﬁ)eoc %Is rgﬁgv%%‘{/\ﬁye?%'ldn t he
Group | VB netliguid %eaarﬁlonféaterrneerﬁmefsi@etmer@muthamOe“Fn the Group |VB
netal is present gt b?h%?dbe@s &f b@auﬁ ﬁwﬂ@n’eﬂhfhe&%ia‘ifs?hhr@l% rQ:ﬁ.ldEQt abrour?t )
a

catal yst- wei ght. 20. ﬁ(%')rocess of Claim 18 whereln rese
bet ween 0.2 t¥B el Wé?a fra@,the gfougcopsigtingtom s'tc@nagwnwm @mormd t he

nobl e metgd i's rutigeni mﬁéprobésé/\ﬂ*mﬁlrdWﬂh@%ﬁﬁhe@od&qmﬁé}aﬁs@mt0 3.0 wei ght

percent total cat aI yst vve (l;
The process of Claim 17 wherein the Group IVB metal is present at

* between 0.2 0 0.6 weight percent of the total catalyst weight.

20. The process of Claim 18 wherein the tin is present at between 0.2 to
0.6 weight percent of the total catalyst weight and the noble metal is ruthenium,
15 which is present aft between 0.1 to 3.0 weight percent total catalyst weight.
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